Objective : Few studies have reported direct comparative data of lumbar spine angles between direct lateral interbody fusion (DLIF) and oblique lateral interbody fusion (OLIF). The purpose of this study was to investigate the clinical and radiological outcomes of DLIF and OLIF, and determine influential factors.
INTRODUCTION
Direct lateral interbody fusion (DLIF) and oblique lateral interbody fusion (OLIF) are minimally invasive techniques of lateral lumbar interbody fusion (LLIF). Both are popular for the treatment of degenerative lumbar spine disease.
DLIF passes through the psoas muscle to access the disc, while OLIF accesses the disc between the psoas muscle and prevertebral structures such as vessels and the ureter 9, 25, 28, 34, 35, 38) . Previous studies have been mainly related to the complications and indirect de-J Korean Neurosurg Soc 62 (4) : 432-441 compression of DLIF or OLIF 1, 6, [11] [12] [13] 16, 18, [20] [21] [22] 30, 33, 34, 36, 38) . However, there have been increased interests recently in postoperative lumbar spine angle which is important for the sagittal balance of the spine. Even short-level lumbar fusion can affect the overall lumbar lordosis 2, 8, 14, 27) . LLIF is also known to be very effective for coronal balance correction and reportedly for global sagittal balance 2, 5, 17, 31) . Although lumbar spine angles after LLIF have been studied, only a few studies have provided direct comparative data of lumbar spine angles between DLIF and OLIF, and the influential factors 13, 36) . In this study, we compared the clinical and radiological outcomes of DLIF and OLIF, and analyzed factors affecting the differences in the radiological outcomes between the two approaches.
MATERIALS AND METHODS
The medical records of 343 consecutive patients who underwent DLIF or OLIF at L1-L5 between May 2011 and September 2016 by a single surgeon were reviewed retrospectively. DLIF was done from May 2011 to August 2014, and OLIF was done from September 2014 to September 2016. Enrolled patients had degenerative lumbar diseases, underwent DLIF or OLIF surgery, and were followed-up for more than one year. Patients with severe spinal deformities, acute fracture, spinal metastasis, infectious spondylitis, and a history of previous lumbar fusion operations were excluded. This study was approved by the Institutional Review Board of Chung-Ang University Hospital (IRB number: 1806-004-16178).
OLIF technique
The patient was placed in a true right lateral position under general endotracheal anesthesia and fixed on the bed using plaster. After draping, the target level was located using C-arm fluoros copy. A transverse skin incision (4-5 cm) was made with its center at about 2 cm from the anterior margin of the target disc. The external oblique, internal oblique, and transverse abdominis muscles were dissected with a blunt manner between the muscle fibers to gain access to the retroperitoneal space. After finger dissection and retraction of the peritoneum with retroperitoneal fat, the psoas muscle could be palpated. Palpation progressed to the anterior part of the psoas muscle along the muscle surface, followed by palpation of the disc and vertebral body. The peritoneum was retracted further to see the ureter. The anterolateral part of the psoas muscle was bluntly detached from the annulus of the disc bluntly, and the tubular retractor was set up. After removal of the intervertebral disc, the contra lateral annulus was opened with Cobb's elevators. Endplate preparation was done using a shaver and currette. The cage of appropriate size was inserted using an orthogonal maneuver. The trapezoid-shaped polyether ether ketone cage (Clydesdale; Medtronic, Minneapolis, MN, USA) was filled with the demineralized bone matrix (DBM, Grafton; Medtronic). Posterior fixation was done using percutaneous pedicle screw system (Longitude system; Medtronic).
DLIF technique
Under general endotracheal anesthesia, the patient was placed in a true right lateral position with lateral bending to extend space between rib and iliac crest and fixed on the bed using plaster. The process of approaching to the target disc space was the same as described in OLIF technique. Then intraoperative electromyography monitoring was used for checking the lumbosacral plexus during setting of tubular retractors at the disc space through the psoas muscle. Cage, fusion material, and posterior fixation system were the same as those used for OLIF surgery.
Clinical outcomes
Clinical outcomes were assessed using a visual analog scale (VAS) for back pain (VAS-B) and leg pain (VAS-L), as well as the Oswestry disability index (ODI). Postoperative complications were assessed by VAS and ODI measurement preoperatively and one year postoperatively.
Cage parameter
The angle (CA), height (CH), and width (CW) of the used cages were investigated. We measured the cage location as the distance (mm) from the anterior margin of the disc to the anterior metallic indicator of the cage in lateral images at postoperative (Fig. 1) .
Radiological measurements
Measurements made in plain radiographs included sagittal disc angle (SDA), coronal disc angle (CDA), mean disc height (MDH), intervertebral foramen height (FH), cage subsidence, and fusion rate. SDA, CDA, MDH, and FH were evaluated https://doi.org/10.3340/jkns.2018.0142 preoperatively, immediately after surgery, and at one year postoperatively. Cage subsidence and fusion rate were evaluated at one year after surgery.
SDA, CDA, MDH, FH, cage subsidence, and fusion rate were measured at each level of operation. SDA and CDA were measured by the degrees between the lower endplate of the upper vertebra and the upper endplate of the lower vertebra at each level. MDH was calculated as the mean value of anterior disc height (mm) and posterior disc height (mm) in lateral images. FH was measured by the distance between the inferior margin of the pedicle of the upper vertebra and the superior margin of the pedicle of the lower vertebra in the lateral view. Cage subsidence (mm) was measured by adding the invasion depth of the lower endplate of the upper vertebral body and the invasion depth of the upper endplate of the lower vertebral body 37) . Fusion rate was measured using the Bridwell fusion grading system (grade 1, completely remodeled with trabeculae across disc space; grade 2, graft intact with no lucent lines seen between graft and adjacent endplates; grade 3, graft intact, but a radiolucent line is seen between the graft and an adjacent endplate; and grade 4, lucency along an entire border of the graft, or lucency around a pedicle screw or subsidence of the graft) 4) . Based on this classification system, grade 1-2 was de termined to be successful fusion.
All radiologic measurements were made using a measuring tool of the picture archiving communication system in our hospital. Two observations were made with an interval of at least 2 weeks by two doctors, and the mean values were used for the study. The intraclass Correlation Coefficient (ICC) was checked to verify the intra-observer and inter-observer reliability of the radiologic measurements.
Statistical analysis
Radiological and clinical outcomes were compared in each group using paired t-test. Outcomes between the DLIF and OLIF groups were compared using student t-test and chisquare test. The independent effects on SDA and FH were determined using multiple regression analysis adjusted for three key factors : cage location, CA, and CW. And the independent effects on cage subsidence were determined using multiple regression analysis adjusted for nine key factors : cage location, CH, CW, CA, age, gender, bone marrow density (BMD), body mass index, and surgical method (DLIF vs. OLIF). The adjusted models were developed through backward elimination with a significance level of 0.2 to enter and 0.05 to retain. A pvalue <0.05 was considered statistically significant. The ICC values were graded using previously described semiquantitative criteria ( 
RESULTS
A total of 201 patients underwent DLIF surgery, and 142 patients underwent OLIF surgery. Of these, 129 patients with DLIF and 84 patients with OLIF met the criteria. Demographic data are shown in Table 1 . There were no statistically significant differences between the two groups. The intra-observer and inter-observer ICCs were 0.83-0.94 and 0.81-0.88, respectively ( Table 2) .
Cage parameters
CA (9.6±3.0 vs. 8.1±2.9°, p<0.001) and CW (21.2±1.6 vs. 19.2 ±1.9 mm, p<0.001) were significantly larger in the OLIF group compared to the DLIF group. The cage location of the OLIF group was significantly more anterior than the DLIF group (6.7±3.0 vs. 9.1±3.6 mm, p<0.001). CH was not significantly different in the DLIF and OLIF groups (13.3±1.3 vs. 13.3±1.1 mm) (Table 3) .
Radiological findings
In each group, MDH, FH, and SDA were statistically significantly increased immediately following surgery and after one year compared to the preoperative value, and CDA was significantly decreased (all p<0.001). There were significant differences between the DLIF and OLIF groups in the immediate postoperative FH (22.0±2.4 vs. 21 
Clinical outcomes
Preoperative VAS-B and VAS-L scores in the DLIF group were 7.9±2.4 and 5.1±1.4, respectively. The respective scores in the OLIF group were 7.8±1.9 and 5.4±1.6. VAS-B and VAS-L scores after one year were 1.5±0.4 and 1.1±0.5, respectively, in the DLIF group and 1.4±0.5 and 1.0±0.5, respectively, in the OLIF group. Preoperative ODI values in the DLIF and OLIF groups were 39.8±15.3% and 41.1±12.9%, respectively. The respective values after one year in the DLIF and OLIF groups were 10.4±5.8% and 11.2±4.8%. In both groups, the VAS and ODI scores improved significantly after surgery compared with before surgery (p<0.001). There were no significant differences in VAS and ODI scores between the DLIF and OLIF groups (Table 8) . Overall, there were 21 (16.3%) complications in the DLIF group and 12 (14.3%) in the OLIF group. In the DLIF group, complications involved the psoas muscle symptoms in 13 patients (10.1%), lateral femoral cutaneous nerve symptoms in four patients (3.1%), paralytic ileus in two patients (1.6%), and the genitofemoral nerve symptoms in two patients (1.6%). In the OLIF group, nine patients (10.7%) showed paralytic ileus, two patients (2.4%) showed psoas muscle symptoms, and one patient (1.2%) showed genitofemoral nerve symptoms ( Table 9 ). The total complication rate was not significantly different between the DLIF and OLIF groups. However, psoas muscle symptoms were more significantly frequent in the DLIF group (p=0.023), and paralytic ileus was more significantly common in the OLIF group (p=0.005). All complications resolved within several weeks. There was no lumbar plexus injury, ureter injury, and infection in DLIF and OLIF surgery. And there was no case of revision surgery due to complication or incomplete surgery in both groups.
DISCUSSION
Both DLIF and OLIF are surgical methods that can improve the segmental coronal and sagittal angles using a long and large cage 2, 17, 18, 21, 31, 33) . Similar to previous studies, the DLIF and OLIF groups presently showed a statistically significant improvement in SDA and CDA after surgery. There was no significant difference in CDA between the two groups, indicating that the CDA does not differ according to the surgical procedure, CA, and cage location. In both DLIF and OLIF, the coronal balance was well corrected because the cage was positioned over bilateral ends of the vertebral body.
The difference in the CA between DLIF and OLIF groups was largely reflected availability of the 12° cage in Korea (from August 2013). However, OLIF seemed to be more advantageous than DLIF in positioning the cage location by the operator's intention. We have tried to insert cages anteriorly because the anterior cage location was known to make the sagittal angle larger 15, 30) . With DLIF, it was difficult to estimate the cage location through the tubular retractor due to the limited visualization of anterior disc margin which could be a kind of landmark for cage location. However, since the anterior disc margin can be directly identified during OLIF, it is more advantageous to position the cage anteriorly. The more anterior annulotomy and discectomy seemed to secure higher anterior disc space for the high angle cage with greater anterior height, which also might affect the more frequent use of higher angle cage in the OLIF group.
Our results on the relationship between the cage location and sagittal angle are similar to previous reports 15, 30) . Kepler et al. 15) used 10° lordotic cages and reported that the increase in lumbar lordosis was greatest when the cage was placed in the anterior portion of the disc space (+7.4° lordosis per level) and less when it was placed in the midportion of the disc (+3.8° lordosis per level). Park et al. 30) used 6° lordotic cages and reported sagittal angles were significantly greater in the anterior group (6.1°) than those of the middle group (2.4°). Our data showed similar results increasing the sagittal angle by placing the cage more anteriorly. Although the two studies evaluated the cage location in three places (anterior, middle, posterior), we measured the distance from the anterior disc margin to the anterior metallic indicator of the cage. We used the metallic indicator to increase the accuracy of measurement.
Regarding the relationship between CA and SDA, Barone et al. 3) reported that postoperative SDA was 6.5° when using 10° lordotic cages, while postoperative SDA was 13.2° when 20° lordotic cages were used. This result is similar to our findings that SDA measured 7.3±2.4° when using 6° lordotic cages and 11.8±3.5° when using 12° lordotic cages, but the postoperative angles were larger than previous studies. These might be the result of attempting to make a larger sagittal angle by the posterior shortening as much as possible with rod compression, as well as by placing the cage in the anterior location and using a more lordotic cage (Fig. 3) . Although both cage location and CA were important factor for SDA, the cage location (β=-0.358) was more influential to SDA than CA (β=0.236). The more anteriorly the cage is located, the larger the disc space behind the cage was made, which can contribute to the disc angle by acting as a sufficient lever length during the posterior shortening with rod compression. On the other hand, when the cage is placed in the posterior, there is a little disc space behind the cage to serve as a lever. Therefore, it seems that posterior shortening itself is not sufficient to make a disc angle without sufficient disc space behind the cage.
Previous studies on the indirect decompression of LLIF have reported a significant increase in FH (or foraminal area [FA] ) and cross-sectional area (CSA) of the thecal sac compared to before surgery 10, 11, 16, 21, 23, 26, 30) . The cage location itself was reported not to affect the FA and CSA 16, 35) . However, on the contrary, FH increased as the cage was placed more poste- riorly and as the CA decreased according to our data. Although we measured FH rather than FA, FH and FA have been strongly correlated 30) . Thus, FH can be considered to reflect the size of FA closely. As a result, both the cage location and CA seem to be important factors for selection of surgical purpose, sagittal angle or indirect decompression, by a surgeon. Accordingly, posterior cage location and smaller CA should be selected to maximize the indirect decompression, and anterior cage location and larger CA should be selected to maximize the sagittal angle.
Age, BMD, CW, and taller CH are factors that reportedly affect cage subsidence in lumbar interbody fusion 7, 18, 19, 24, 29, 32, 37) . In our study, cage subsidence increased with a more posterior cage location (β=0.293), taller CH (β=0.236), smaller CW (β=-0.225), and older age (β=0.152). The cage location was revealed as a very meaningful factor for subsidence, which was not mentioned in previous studies 7, 18, 19, 24, 29, 32, 37) . One recent study reported that the contact area between the cage and the epiphyseal ring significantly influences the cage subsidence rather than the endplate violation during LLIF 5) . The cage used in our study is long enough to contact the epiphyseal ring at both sides. Moreover, since the vertebral body has a round surface, the contact area with the epiphyseal ring increases as the cage is located more anteriorly. As a result, it seems that a long cage inserted anteriorly in the disc space can reduce the subsidence by increasing mechanical support. Those cage related characteristics increasing the mechanical strength in the DLIF and OLIF seem to relate to the phenomenon, BMD did not have an effect on subsidence in our study.
Fusion rates in our study were not significantly different between the two groups.
Clinical outcomes (VAS, ODI) in DLIF and OLIF were improved significantly after surgery. However, there was no significant difference in clinical outcome between the two groups, which was similar to a recent study 13) . Complications seemed to be related with the surgical approaches, increased psoas symptom in the DLIF due to transpsoas approach and increased ileus in the OLIF due to more peritoneal retraction.
In this study, the cage location and CA affected radiologic outcomes of FH and SDA, and the cage location and CW were related to cage subsidence. However, it is still too early to generalize because of the insufficient number of patients in our study. Additional long-term, large-scale, and prospective studies are needed. Although the use of a high angle cage inserting anteriorly in the disc space seemed to increase disc angle effectively, it cannot be a direct evidence of the practical help for deformity correction in patients with sagittal imbalance.
CONCLUSION
Both DLIF and OLIF are useful surgical methods to improve the radiological and clinical outcomes in degenerative lumbar disease. OLIF was more effective in increasing sagittal angle and reducing cage subsidence, but was disadvantageous for indirect decompression than DLIF. The cage location, CA and CW seem to be important factors which result in the different-radiological outcomes between DLIF and OLIF. Surgeons should carefully choose cage location and CA to satisfy sagittal balance and indirect decompression when performing DLIF and OLIF.
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